The role of rumen-protected L-tyrosine as a nutritional signal altering LH release and other reproductive traits in cattle was studied. In Exp. 1, 28 suckled crossbred cows were assigned randomly to five treatments ( 0 or 40 g of tyrosine daily in feed for 3 d followed by a single i.v. injection of 200 mg of GnRH or 1 mg/kg of naloxone on d 26 ± 1 postpartum; no tyrosine plus an injection of saline was the control). Peak LH after GnRH was greater ( P < .001) in GnRH-treated cows regardless of tyrosine supplementation. Compared to cows receiving saline, days to first postpartum ovulation were reduced ( P < .05) by naloxone, tyrosine, and GnRH. In Exp. 2, 47 suckled crossbred cows were assigned randomly to six treatments (0, 20, or 40 g of tyrosine daily for 3 d before GnRH or saline was injected i.m. on d 23 ± 1 postpartum). Injection of GnRH increased ( P < .001) LH. An interaction ( P = .08) of tyrosine and GnRH tended to reduce days to first postpartum ovulation. In Exp. 3, tyrosine (40 g ) administered once daily for 3 d to ovariectomized cows (six cows per treatment) had no effect on any characteristic of LH before or after estradiol-17b. In Exp. 4, suckled cows ( n = 136) were allotted randomly to two treatments ( 0 or 30 g of tyrosine daily for 3 d before a PGF 2a -synchronized estrus). Tyrosine increased ( P = .05) the percentage of cows in estrus after PGF 2a but reduced ( P = .05) AI conception rate. These results fail to support the thesis that tyrosine alters LH release in cattle. Supplemental tyrosine increased expression of estrus in suckled cows after PGF 2a and tended to reduce intervals to first postpartum ovulation.
Introduction
Pulsatile LH secretion is a key regulator of ovarian follicular function in cattle (Lucy et al., 1992) and is governed by pulsatile hypothalamic GnRH secretion (Levine et al., 1991) . Studies indicated that pulsatile LH release is linked to nutritional status of animals (Steiner et al., 1983; Schillo, 1992) . However, no single metabolite has been identified to influence LH secretion. The amino acid tyrosine, a blood-borne metabolite, may be involved in stimulating GnRH release because availability of tyrosine influences synthesis of norepinephrine Gibson and Wurtman, 1986; Acworth et al., 1988) , a neurotransmitter that stimulates GnRH release (Ramirez et al., 1984; Terasawa et al., 1988) .
Exogenous tyrosine decreased age at puberty in rats (Hammerl and Rü sse 1987a) ; increased litter size in rats (Hammerl and Mü ller, 1988) and swine (Hammerl and Rü sse, 1987b) ; increased LH pulse frequency in growth-restricted lambs (Hall et al., 1992) ; induced follicular growth, estrus, and ovulation in anovulatory dairy cows (Wetzel, 1985; Hammerl, 1986; Mü nsterer, 1987) ; and improved expression of estrus in sows (Hammerl and Rü sse, 1987b) .
The amino acid tyrosine may act as a nutritional signal influencing hypothalamic GnRH secretion. In the present study involving four experiments, we tested the hypothesis that tyrosine alters secretion of LH and(or) other reproductive traits in cows.
Materials and Methods
Four experiments were conducted to determine whether feeding rumen-protected tyrosine would alter 1 ) LH release and onset of first postpartum luteal function in suckled cows (Exp. 1 and 2); 2 ) LH pulse frequency and estradiol-17b-induced LH release in ovariectomized cows (Exp. 3); and 3 ) estrus expression and conception in suckled cows after a PGF 2a -synchronized estrus (Exp. 4).
Experiment 1. The objective of this study was to determine whether feeding supplemental, rumenprotected L-tyrosine would alter LH release and subsequent onset of first postpartum ovulation in suckled cows in comparison to the known effects of LH release elicited by GnRH and naloxone. Fall-calving (calving dates: August 21 to September 18) Angus × Hereford × Brahman, primiparous cow-calf pairs ( n = 28) located at the Kansas State University Agricultural Research Center-Hays were used. Cow-calf pairs were maintained in a pasture of dormant native grass during calving, then moved to a drylot during the experimental period and provided ad libitum access to forage sorghum hay and additional sorghum grain, soybean meal, vitamins, and minerals to meet or exceed NRC (1984) recommendations for cows nursing calves (average milking ability).
Cows (25.6 ± 1 d postpartum) were assigned randomly to receive either no tyrosine ( n = 17) or doses of 40 g of tyrosine daily for 3 d ( n = 11; 110 g of rumen-protected L-tyrosine; Degussa, Allendale, NJ) mixed into .5 to 1 kg of ground milo (fed individually). The rationale for feeding tyrosine for only 3 d was based on earlier successes in overcoming anestrus in dairy cattle (Wetzel, 1985; Hammerl, 1986; Mü nsterer, 1987) . On d 3 of tyrosine supplementation, cows were challenged with a single (i.v.) injection of either 1 mg/kg BW of naloxone (naloxone hydrochloride, Sigma, St. Louis, MO) dissolved in .9% saline, 200 mg of GnRH (Cystorelin ® , Sanofi Animal Health, Overland Park, KS), or saline only, resulting in an incomplete factorial arrangement of five treatments: 1 ) no tyrosine + saline ( n = 6); 2 ) no tyrosine + GnRH ( n = 5); 3 ) no tyrosine + naloxone ( n = 6); 4 ) tyrosine + GnRH ( n = 5); and 5 ) tyrosine + naloxone ( n = 6). The evening before the third daily feeding of tyrosine, a catheter was inserted in a jugular vein of each cow. Calves were removed from their dams before the third daily feeding of tyrosine, and cows were relocated to individual pens where they were restrained with a rope halter during subsequent blood collection. After tyrosine feeding, blood was collected every 15 min during 4 h before and 4 h after challenges with either saline, GnRH, or naloxone. Serum was harvested for later determination of LH concentrations by RIA (Perry et al., 1991) , and number, magnitude, and amplitude of LH pulses were determined (Skaggs et al., 1986) . Interassay and intraassay CV for LH were 13.1 and 11.4%, respectively.
Blood samples were collected twice weekly after the hormonal challenges to determine the first increase (> 1 ng/mL) in progesterone (indicative of first postpartum ovulation). Progesterone was measured by RIA (Skaggs et al., 1986) , with interassay and intraassay CV of 3.7 and 4.5%, respectively.
Frequency and amplitude of LH pulses, peak concentrations of LH after the hormonal challenge, and days to first increase in serum progesterone were analyzed by analysis of variance as an incomplete factorial with five treatments as the only source of variation. Concentrations of LH before and after the hormonal challenges were analyzed by split-plot analysis of variance with repeated measures, in which treatment was tested with the cow-within-treatment error term resulting from the GLM procedure (SAS, 1988) . When a significant F-test was detected, treatment means were separated using the LSD test (SAS, 1988) . In addition, three specific contrasts of various treatment combination means were compared with the control-saline treatment. Proportional data (number of cows beginning estrous cycles) were analyzed by chi square.
Experiment 2. Because Exp. 1 did not have a treatment in which tyrosine was fed alone, the objective of this experiment was to evaluate further whether feeding supplemental, rumen-protected Ltyrosine would alter LH release and subsequent onset of first postpartum ovulation in suckled cows in comparison to the known effects of LH release elicited by GnRH alone. Fall-calving (calving dates: August 21 to October 26) Angus × Hereford × Brahman, primiparous ( n = 24) and multiparous ( n = 24), cowcalf pairs located at the Kansas State University Agricultural Research Center-Hays were used. Feeding and housing of cow-calf pairs were similar to those described in Exp. 1.
Cows (23 ± 1 d postpartum) were assigned randomly to a 2 × 3 factorial arrangement of treatments (eight cows per treatment combination except for one treatment) in which they received 0, 20, or 40 g of tyrosine daily (55 or 110 g of rumenprotected L-tyrosine; Degussa) mixed into .5 to 1 kg of ground milo and fed individually on three consecutive days. Cows were challenged (i.m.) with either saline or 200 mg of GnRH (Cystorelin) within .5 to 2 h after the third daily feeding of tyrosine, resulting in six treatments. Blood samples were collected every 30 min by tail venipuncture from 30 min before to 120 min after saline or GnRH injections and twice weekly thereafter to determine the first increase (> 1 ng/mL) in progesterone (indicative of first postpartum ovulation). Concentrations of LH in blood samples collected from 30 min before to 120 min after GnRH (interassay CV = 10.1% and intraassay CV = 9.4%) and progesterone in twice-weekly collected blood samples (interassay CV = 6% and intraassay CV = 4.5%) were measured by RIA as described in Exp. 1. The data were analyzed as a 2 × 3 factorial experiment with two parity groups (23 2-yr-old and 24 3-yr-old cows). For split-plot variables, effects of treatment, parity, and their interaction were tested with the cow-withintreatment × parity error term. In addition, orthogonal contrasts of various treatment means were made.
Experiment 3. The objective of this experiment was to determine whether rumen-protected supplemental L-tyrosine would alter characteristics of LH secretion in ovariectomized cows before or after a challenge with estradiol-17b. Six mature, nonlactating, Holstein cows ( ≥650 kg; body condition ≥ 4 on a 1-to-5 scale) were ovariectomized bilaterally under local anesthesia through a flank incision via the paralumbar fossa (Mee et al., 1993) . Following surgery, cows were maintained in a large (10 × 30 m ) dirt lot and had ad libitum access to prairie hay and water. In addition, each cow was individually fed 4.5 kg of a total mixed diet (alfalfa hay, corn or sorghum silage, soybean meal, minerals, and vitamins).
A crossover design of treatments was used in which six ovariectomized cows served as their own controls. The six cows were relocated to a tie-stall barn, maintained on the same diet, and additionally fed 1 kg of shelled corn and sorghum (50:50) on three consecutive days. Each cow was fitted with an indwelling jugular catheter approximately 16 h before blood was collected at 12-min intervals during 6 h (0600 to 1200) on the third morning. Following the last blood sample at 1200 h, .5 mg of estradiol-17b (Sigma) dissolved in safflower oil ( 1 mg/mL) was injected i.m., and cows were released into a dirt lot. Cows were observed for estrus, and blood samples were collected every 2 h for 30 h after the estradiol-17b injection.
After a rest period of 5 d, the same six cows were returned to tie stalls and fed the same diet plus 1 kg of shelled corn and sorghum (50:50) containing 40 g of tyrosine (110 g of rumen-protected L-tyrosine; Degussa) daily on three consecutive mornings. Jugular catheters were inserted, blood was collected before and after estradiol-17b, and cows were observed for estrus as described previously. Concentrations of LH were measured by RIA (interassay CV = 13% and intraassay CV = 11%), and frequency and amplitude of LH pulses were determined during the 6-h blood collection period as described in Exp. 1.
Concentrations of LH before and after estradiol-17b were analyzed by split-plot analysis of variance with repeated measures in which treatment was tested with the cow-within-treatment error term resulting from procedure GLM (SAS, 1988) . Number of LH pulses, peak magnitude and amplitude of LH pulses before estradiol-17b, and hours to the LH peak and area under the LH peak curve after estradiol-17b were analyzed by analysis of variance as a completely randomized design with two treatments using procedure GLM (SAS, 1988) . Means were separated using F-tests resulting from the analyses of variance.
Experiment 4. The objective of this experiment was to determine whether providing supplemental, rumenprotected L-tyrosine to suckled cows would increase expression of estrus and conception at a synchronized estrus. Angus × Hereford × Brahman cows ( n = 136) located at the Kansas State University Agricultural Research Center-Hays were used during two fall breeding seasons (beginning early December). Days postpartum ranged from 40 to 106 d at the beginning of the breeding season. Feeding and handling of cowcalf pairs was similar to that described in Exp. 1. Cows were assigned randomly to receive no tyrosine or 30 g of tyrosine daily (82.5 g of rumen-protected Ltyrosine; Degussa) in .5 to 1 kg of ground milo fed on three consecutive days beginning 1 d before the second of two 25-mg injections of PGF 2a (Lutalyse ® , The Upjohn Co., Kalamazoo, MI) given 11 d apart. Following the second injection of PGF 2a , all cows were observed (minimum of 45 min) twice daily for estrus at 0730 and 1630. Twelve to sixteen hours after the first detected estrus, cows were inseminated artificially by the same person who made the observations with semen from one of four Angus sires. Pregnancy was diagnosed by palpation per rectum of the uterus and its contents at 45 and 60 d after AI.
The number of cows detected in estrus by 144 h after PGF 2a , hours to estrus, number of cows expressing first postpartum estrus after PGF 2a , and conception after AI and after a 60-d breeding season (cows exposed to cleanup bulls after 144 h of AI) were determined. The number of cows expressing first postpartum estrus after PGF 2a was based on concentration of progesterone in two blood samples collected (11 d apart) just before each injection of PGF 2a . Induced estrus was indicated when progesterone, measured by RIA in both serum samples (interassay CV = 7.2% and intraassay CV = 3.7%), was < 1 ng/mL, and estrus was detected within 144 h after the second injection of PGF 2a .
Initial analyses of variance detected no year × treatment interactions, so results from both years were combined. The data were analyzed as a completely randomized block experiment with two treatments and two blocks (primiparous vs multiparous cows). Percentage data were analyzed as contingency tables using the Cochran-Mantel-Haenszel, row-mean score test (chi square) in procedure FREQ (SAS, 1988) .
Results and Discussion
Experiment 1. Results are summarized in Table 1 .
Although few cows had detectable LH pulses, the number of LH pulses (data not shown) and average prechallenge (before saline, naloxone, or GnRH) concentrations of LH during 4 h following the third daily dose of tyrosine were not different among treatments and were unaffected by tyrosine supplementation. Peak concentrations of LH were greater ( P < .001) after the GnRH challenge than after saline, Table 1 . Characteristics of LH and onset of ovarian cyclicity in suckled, primiparous, crossbred beef cows treated with rumen-protected L-tyrosine and challenged with either gonadotropin-releasing hormone, naloxone, or saline between 3 and 4 weeks postpartum (Exp. 1) a L-tyrosine (40 g ) was mixed into .5 to 1 kg of ground milo and fed for three consecutive days beginning d 25.6 ± 1 postpartum (calving dates: August 21 to September 18). Injections of GnRH (200 mg), naloxone ( 1 mg/kg BW), or saline were given within .5 to 2 h after the third daily feeding of tyrosine.
b Mean of 16 samples collected at 15-min intervals before the challenge with either naloxone or GnRH. c Contrast: control-saline vs GnRH ( P < .001).
d Contrasts: control-saline vs naloxone ( P < .05); control-saline vs GnRH ( P < .001); and control-saline vs tyrosine ( P < .01).
e December 1.
x Different ( P < .001) from control-saline. regardless of tyrosine treatment. Concentrations of LH in six (two controls and four tyrosine-treated) of 12 primiparous cows increased after naloxone (1.1 ± .1 ng/mL at 60 min), but overall, naloxone failed to increase LH significantly in all 12 suckled cows regardless of tyrosine treatment. In contrast, LH increased within 15 to 30 min after naloxone in previous studies (Malven, 1986; Whisnant et al., 1986a,b) . Treatment of suckled and nonsuckled cows with naloxone ( 1 mg/kg of BW) failed to release LH on d 2 or 3 postpartum (Rund et al., 1992) but successfully released LH on d 14 postpartum at greater doses (400 and 800 mg i.v.; Whisnant et al., 1986b) and at lesser doses (200 mg i.v.; Whisnant et al., 1986b) on d 28 and 42. Doses administered in our study ranged from 400 to 550 mg. Naloxone-induced LH release in cattle is dependent on dose, stage postpartum, and steroid milieu (Rund et al., 1992) and may be parity-dependent at similar postpartum stages because little to no response was observed in our primiparous suckled cows. Mean days to first postpartum luteal function were reduced ( P < .05) in all cows that received combinations of GnRH, tyrosine, and naloxone, with the greatest ( P < .05) reduction in GnRH-treated cows (regardless of tyrosine treatment). Although average days to first luteal function were affected by treatments, the proportions of cows eventually reestablishing estrous cycles by the onset of the breeding season (December 1 ) were not different among treatments.
Experiment 2. There were neither interactions of parity with treatments nor effects of parity on any trait in Exp. 2. Results are summarized in Table 2 . Of the 47 cows assigned to six treatments, complete data were analyzed for only 39 cows. Eight cows (three 2-yr-old and five 3-yr-old cows) were eliminated retrospectively because they had elevated progesterone (> 1 ng/mL) on the day of GnRH administration and thereafter in twice-weekly collected blood samples, and one cow died early in the treatment period as a result of an accident. Concentrations of LH before the challenge with saline or GnRH were not altered by tyrosine, consistent with the results in Exp. 1. However, compared to saline injection, average and peak concentrations of LH during 2 h after GnRH were increased ( P < .001) by approximately 5-and 15-to 20-fold, respectively.
For days to first luteal function, a GnRH × tyrosine interaction ( P = .08) occurred. Although days to first luteal function after treatment were reduced ( P < .05) by 7.3 d with GnRH compared to saline, mean intervals to first luteal function were similar (15.6 to 18.2 d ) among tyrosine-treated cows. Saline-treated cows (no tyrosine) only tended ( P = .11) to have longer intervals than saline + tyrosine-treated cows, whereas GnRH-treated cows (no tyrosine) tended ( P = .09) to have shorter intervals than GnRH + tyrosinetreated cows. However, the proportion of cows beginning estrous cycles before the onset of the breeding season was not altered by treatments. Tyrosine was rather ineffective in initiating earlier luteal function compared to the effect of GnRH and may have counteracted the positive effect of GnRH alone. Pituitary responsiveness to exogenous GnRH was restored early after calving and did not differ between suckled and nonsuckled cows from d 3 to 20 postpartum (Williams, 1990) . Our results confirm numerous studies in which GnRH induced LH release and subsequent reestablishment of estrous cycles in some Table 2 . Characteristics of LH and onset of ovarian cyclicity in suckled crossbred beef cows treated with rumen-protected L-tyrosine and challenged with either saline or gonadotropin-releasing hormone at 3 weeks postpartum (Exp. 2) a L-tyrosine (20 or 40 g ) was mixed into .5 to 1 kg of ground milo and fed for three consecutive days beginning d 23 ± 1 postpartum (calving dates: August 21 to October 26). Injections of GnRH (200 mg) or saline were given within .5 to 2 h after the third daily feeding of tyrosine.
b Some cows had resumed estrous cycles (serum P 4 > 1 ng/mL) before treatment and were eliminated retrospectively; one cow died in the GnRH + no tyrosine treatment. suckled cows (see reviews by Wettemann [1980] and Williams [1990] ).
Experiment 3. Characteristics of LH patterns in
ovariectomized cows treated with tyrosine are summarized in Table 3 . Neither mean concentration of LH, number of LH pulses per 6 h, peak magnitude of LH pulses, nor LH pulse amplitude was altered by tyrosine. These LH patterns were similar in magnitude and number to the rhythmic pattern of LH secretion previously observed in estrus-cycling and postpartum cows after ovariectomy (Schallenberger and Peterson, 1982; Convey et al., 1983) . In addition, none of the LH characteristics after a bolus injection of estradiol-17b was altered by tyrosine treatment (Table 4) . Characteristics of the induced LH surge and time of peak LH after estradiol-17b were similar to those in ovariectomized heifers (Hobson and Hansel, 1972; Beck and Convey, 1977) and postpartum suckled cows (Stevenson et al., 1983) . Furthermore, interval to observed estrus after estradiol-17b was not altered by tyrosine. Neither tonic pituitary secretion of LH nor the LH surge induced by estradiol-17b was altered in ovariectomized cows supplemented with tyrosine, despite the presence of estradiol receptors in noradrenergic neurons in the brain (Ramirez et al., 1984) .
Experiment 4. The effects of tyrosine on expression of estrus and conception at a synchronized estrus are summarized in Table 5 . Intervals to estrus after PGF 2a did not differ between treatments. However, the percentage of tyrosine-treated cows detected in estrus was greater ( P = .05) than that of control cows, resulting in 11 more tyrosine-treated cows detected in estrus. Only 1 of 10 anestrous suckled cows treated with tyrosine was observed in estrus during 144 h after the second PGF 2a injection compared to none of seven anestrous control cows. Increased expression of estrus after tyrosine may be due to its effects on factors controlling sexual behavior, as observed in anestrous dairy cows treated with tyrosine (Wetzel, 1985; Hammerl, 1986; Mü nsterer, 1987) , or tyrosine may interact with PGF 2a to enhance the occurrence of synchronized estrus.
The proportion of tyrosine-treated cows conceiving after AI at a synchronized estrus was reduced ( P = .05). The decrease in AI conception rates of tyrosinetreated cows is in contrast to reports of Hammerl (1986) in which conception was greater (69 vs 26%) in 57 of 69 anestrous dairy cows detected in estrus after tyrosine than in 16 of 31 anestrous cows detected in estrus after receiving no tyrosine. Further, a treatment × parity interaction ( P < .05) occurred for the total breeding season pregnancy rate, with the tyrosine-treated multiparous cows having the lowest 60-d pregnancy rate (Table 5) .
General Discussion
Daily rhythms in the metabolism of dietary amino acids led to the discovery of a relationship between nutrient intake and neurotransmission . Increases in L-tyrosine and L-tryptophan in blood plasma resulted in elevated concentrations of neurotransmitters in the brain (Wurtman et al., 1974) . Tyrosine serves as a precursor for the synthesis of dopamine, norepinephrine, and epinephrine, whereas tryptophan is a precursor for serotonin; tyrosine and tryptophan are specific brain neurotransmitters implicated in the control of GnRH and LH pulses and the LH surge (Ramirez et al., 1984) . Wurtman (1982) concluded that brain function could be modified by altering the synthesis of specific neurotransmitters through increased plasma concentrations of their amino acid precursors provided in the diet by supplementation.
When tyrosine is fed in excess concentrations over a period of time, tyrosine concentrations in the brain stem and adrenal glands are increased (Moya-Huff et al., 1989) . Furthermore, supplementing L-tyrosine increased L-tyrosine in the brains of rats (Gibson and Wurtman, 1986; Moya-Huff et al., 1989) and sheep (Hall et al., 1992) , with a subsequent increase in catecholamine synthesis and release from neurons (Wurtman et al., 1974; Gibson and Wurtman, 1986; Tam et al., 1990; Zhang et al., 1990) . Uptake mechanisms for tyrosine are more concentrated in catecholamine-rich areas of brain (Morre and Wurtman, 1981) . The mechanism of action for tyrosine is unknown, but it may involve stimulation of GnRH release because availability of tyrosine influences synthesis of norepinephrine Gibson and Wurtman, 1986; Acworth et al., 1988) , a neurotransmitter that stimulates hypothalamic GnRH release and pulsatile and preovulatory release of LH from the pituitary (Ramirez et al., 1984; Terasawa et al., 1988) . The catecholamines may mediate effects of other neurotransmitters and gonadal steroids on release of GnRH (Kalra and Kalra, 1983; Ramirez et al., 1984; Yen and Vale, 1990) .
Supplementation of tyrosine had no measurable effect on LH. Our original maximum dose of 40 g and source of L-tyrosine were chosen based on its effectiveness to induce estrus in anestrous dairy cattle (Wetzel, 1985; Hammerl, 1986; Mü nsterer, 1987) . Tyrosine-treated anestrous dairy cows (no palpable ovarian structures or detected estrus by 60 to 150 d postpartum) had lesser concentrations of tyrosine in blood plasma than estrus-cycling controls (Hammerl, 1986) . In all three of these studies, more than 85% of 108 anestrous dairy cows expressed estrus within several days after tyrosine treatment and continued to have normal estrous cycles thereafter (Mü nsterer, 1987) . Although observations for estrus were not made in Exp. 1 and 2, tyrosine increased expression of estrus in estrus-cycling cows after PGF 2a in Exp. 4 as it also had done in sows (Hammerl and Rü sse, 1987b) .
The doses of tyrosine used in our experiments may have been insufficient to alter LH secretion or to be effective in the various physiological models attempted (i.e., postpartum anestrus, postovariectomy, and after estradiol-17b) . Under the circumstances of our experimental protocols, tyrosine may not have been ratelimiting for the synthesis and release of catecholamines. A lack of LH response in our anestrous cows also may have been related to their more positive energy balance or lack of energy deficiency. In a growth-restricted lamb model (Hall et al., 1992) , greater circulating concentrations of tyrosine and consistently increased LH pulse frequency were observed after increased feed intake and abomasal infusion of this amino acid. Our maximum daily dose of 40 g was approximately half of that delivered to lambs ( 5 g/d in 22-kg lambs vs 40 g/d in 450-kg cows). The ratio of tyrosine to other large, neutral amino acids in the peripheral circulation is greater in fed than in starved animals (Cross et al., 1975; Pell and Bergman, 1983) . In rats in energydeficient states, tyrosine uptake by the brain is reduced when tyrosine is administered with other large neutral amino acids (Ablett et al., 1984) .
Concentrations of blood tyrosine were correlated positively and total large, neutral amino acids were correlated negatively with LH pulse frequency in anovulatory, early postpartum dairy cows in negative energy balance (Zurek et al., 1995) . Further, in that study, increasing concentrations of plasma tyrosine and tyrosine:large, neutral amino acid ratio were observed during 3 d before first postpartum ovulation. Therefore, animals experiencing a negative energy balance or periods of nutrient deficiency may provide a more appropriate model for testing the effects of tyrosine as a nutritional signal that mediates changes in LH secretion.
Implications
Results of this study demonstrated that supplements of rumen-protected L-tyrosine in the diet of suckled, postpartum, anestrous cows only tended to induce earlier reestablishment of estrous cycles but increased expression of estrus after PGF 2a relative to that in unsupplemented suckled cows after synchronization of estrus with PGF 2a . Characteristics of LH secretion were not altered in response to tyrosine in any experiment (i.e., during postpartum anestrus, after ovariectomy, or after estradiol-17b) . It is possible that dose of tyrosine was insufficient or an interaction of dose of tyrosine with nutrient status may be important for tyrosine-mediated LH secretion.
